REMARKS/ARGUMENTS 
Claims 10-14 pending herein have been amended hereby to correct matters of 
form and for clarification purposes only. Applicants respectfully submit that no new 
matter has been added. 

1. The §1 12, first paragraph rejection of claims 10-14 is noted, but deemed moot in 
view of the rewritten claims submitted above. Accordingly, Applicants respectfully 
request that the above rejection be reconsidered and withdrawn. 

2. The §1 12, second paragraph rejections of claims 10, 1 1, 13 and 14 are noted, but 
deemed moot in view of the rewritten claims submitted above. Accordingly, Applicants 
respectfully request that the above rejections be reconsidered and withdrawn. 

■ 

3. Claims 10-14 were rejected under §103(a) over Akita in view of Lopes de Faria. 
Applicants respectfully traverse this rejection. 

Independent claim 10 recites a method for treating diabetic maculopathy in a 
mammal comprising administering to the subject an effective amount of a compound 
represented by the following general ffermula: 




wherein X represents a halogen or a hydrogen atom, and R 1 and R 2 concurrently or 
differently represent a hydrogen atom or a CI to C6 alkyl group. 

Claims 11-14 each depend directly from independent claim 10. 

Applicants respectfully submit that the present invention defines patentable 
subject matter over the applied references for at least the following reasons. 
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The PTO admitted that "Masahiko Akita et al. does not disclose the use of 
SNK-860 for the treatment of diabetic maculopathy or diabetic edema" (Office Action, 
page 7, lines 3-4). In an attempt to overcome this recognized deficiency of the Akita 
article, the PTO applied Lopes de Faria. 

Specifically, the PTO asserted that macular edema is a common complication 
that can develop as a result of diabetic retinopathy (DR). The PTO then asserted that it 
would have been obvious to one skilled in the art "to use SNK-860 to treat diabetic 
maculopathy because Masahiko Akita et al. discloses that this compound is useful for 
treating DR and symptoms associated with other eye conditions that commonly occur in 
diabetic patients. Lopes de Faria et al. teaches that administration of this compound to 
diabetic mice decreases changes in the retina such as folding, retinal edema and leakage 
of blood components like albumin from the blood vessels of the retina. Abnormal fluid 
balance and protein deposits are characteristics of macular edema" (Office Action, page 
7, lines 15-21). 

The PTO also asserted "since SNK-860 has been shown to be effective in treating 
a condition that is a significant risk factor for macular edema and diabetic maculopathy, 
as well as inhibiting retinal edema, one of ordinary skill in the art would have a 
reasonable expectation of success in using SNK-860 to ameliorate diabetic maculopathy 
as it is useful in treating other eye conditions commonly found in diabetics" (Office 
Action, page 7, last line - page 8, line 5). Applicants respectfully submit, however, that 
the PTO is incorrect for the reasons explained below. 

Lopes de Faria discloses that ocular complications in diabetic retinopathy (DR) 
include nonproliferative and proliferative DR and macular edema, and macular edema 
can be present in both types of DR (see Lopes de Faria, page 170). Diabetic macular 
edema may be either focal or diffuse. The focal form is characterized by focal leakage 
from specific capillary lesions (microaneurysms), and the diffuse form usually presents 
areas of capillary nonperfusion (ischemia) and is characterized by extensive leakage 
from the posterior retinal capillary bed (Lopes de Faria, page 170, Col. 3, paragraphs 3 
and 4). The Early Treatment Diabetic Retinopathy Study (ETDRS) demonstrated the 
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benefit of laser photocoagulation in clinically significant macular edema. In contrast, 
diffuse macular edema is more difficult to manage and the use of laser photocoagulation 
is not as efficient as in focal edema (Lopes de Faria, page 170, Col. 3, paragraph 4). 
Based on the above, Lopes de Faria indicates the significance with respect to 
determining the ocular and systemic factors for developing diffuse macular edema 
(Lopes de Faria, page 170, Col. 3, paragraph 5), and clarifies that the patients having 
high blood pressure, cardiovascular disease or vitreomacular adhesion showed a higher 
prevalence of diffuse macular edema (Lopes de Faria, page 172, Col. 3, paragraph 2; 
page 173. Col. 1, paragraph I; page 173, Col. 2, paragraph 2). As described above, the 
focal form is clearly different from the diffuse form pathologically, therapeutically, and 
in view of the risk factors. 

Pedro Romero Aroca (Pedro Romero Aroca, et aL, "Risk factors for diffuse and 
focal macular edema," Journal of Diabetes and Its Complications 
2004; 18:21 l-215;copy attached in Appendix C hereto) also indicates the risk factors in 
diffuse and focal macular edema. The study concludes that the group of patients with 
focal macular edema and the group of patients without macular edema have similar 
epidemiological risk factors and these two groups were quite different 
epidemiologically to the group of patients with diffuse macular edema. On the other 
hand, Akita discloses that SNK-860 successfully inhibited edema in the inner layers of 
retina in diabetic rats (Akita, page 302, Col. 1, paragraph 1). The development of 
microaneurysms was observed near the site of the inner retinal edema (Akita, page 302, 
Col. 1-2), but not in the SNK-860 treated diabetic rats or in the non-diabetic control 
(Akita, page 302, Col 1, paragraph 2). The existence of microaneurysms around edema 
means that the edema is the focal form. Therefore, Akita discloses that SNK-860 
inhibited microaneurysms in retina, and resulted in a reduction of focal edema. 

Macular edema can be explained as follows. The retina has inner layers 
(ganglion cell layer, inner plexiform layer), however, the central fovea of macula flava 
does not have such inner layers or capillary blood vessels. Therefore, in the central 
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fovea of macula flava, focal macular edema is not observed, and only diffuse macular 
edema in which extensive leakage from the posterior retinal capillary bed is observed. 

Lopes de Faria discloses that the visual acuity worse than 20/200 was more 
frequent among eyes with diffuse macular edema (Lopes de Faria, page 173, Cot, 1-2). 
The central fovea of macula flava plays a pivotal role for visual acuity. One skilled in 
the art would readily recognize that these results indicate that macular edema in the 
central fovea is diffuse form. It is true that there are two forms (diffuse and focal) in 
macular edema as Lopes de Faria mentioned, but the diffuse form is of clinical 
importance. As the diffuse form is mainly observed in nonperfusion area of capillary 
vessels (ischemia area), ischemia factors are important in the diffuse form. The 
experimental edema model in Akita is not the diffuse form but the focal form. This is 
supported by the fact that nonperfusion area is not observed in retinal portion in 

• * « 

long-term diabetic rat model (see, e.g., Masato Matsuoka, et al., "High Levels of 
Pigment Epithelium-Derived Factor in the Retina of a Rat Model of Type 2 Diabetes," 
Experimental Eye Research 2006;82:172-178; copy attached in Appendix C hereto). 

As described in Lopes de Faria, the focal edema is pathologically different from 
the diffuse edema. The use of laser photocoagulation in the diffuse edema is not as 
efficient as in the focal edema. The difference in frequency between focal edema and 
diffuse edema due to risk factors indicates that each edema has a quite different etiology. 

In patients with diabetes mellitus, the frequency of retinopathy is correlated with 
that of macular edema. However, retinopathy is understood to be different from 
maculopathy (macular edema) histogenetically and functionally. This means that 
macular edema is not retinopathy but maculopathy. This is supported by the fact that 
retinopathy and maculopathy are classified differently in international clinical 
stratification by American Academy of Ophthalmology. Therefore, medical agents for 
DR are different from those for diabetic maculopathy. For example, PKC-|3 inhibitor by 
Lilly was reported to inhibit macular edema and vision loss (see, e.g., PKC-DRS2 
Group, <c Effect of Ruboxistaurin on Visual Loss in Patients with Diabetic Retinopathy," 
Ophthalmology 2006;113:2221-2230; copy attached in Appendix C hereto), but not to 
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inhibit retinopathy (see, e.g., The PKC-DRS Study Group "The Effect of Ruboxistaurin 
on Visual Loss in Patients with Moderately Severe to Very Severe Nonproliferative 
Diabetic Retinopathy, ,> Diabetes 2005; 54:2188-2197; copy attached in Appendix C 
hereto). 

In the present application, the Applicants made an ischemia-reperfusion induced 
injury model using rats and monkeys as experimental model of diabetic maculopathy, 
and demonstrated that SNK-860 inhibited edema caused by ischemia-reperfusion. The 
retinal edema involving inflammatory reaction is formed extensively in the 
ischemia-reperfusion induced injury rat model (see, e.g., Marta E. Szabo, et al., "Free 
Radical-Mediated Effects in Reperfusion Injury: A Histologic Study with Superoxide 
Disumutase and EGB 761 in Rat Retina," Ophthalmic Research 1991;23:225-234; copy 
attached in Appendix C hereto). In the classification of macular edema in patients with 
uveitis, diffuse macular edema was found with higher incidence (55%) (see. e.g., Nikos 
N. Markomichelakis, et al., "Patterns of Macular Edema in Patients with Uveitis: 
Qualitative and Quantitative Assessment Using Optical Coherence Tomography," 
Ophthalmology 2004; 1 1 1:946-953; copy attached in Appendix C hereto), which means 
intraocular inflammatory reaction was closely related with the diffuse edema. 
Therefore, an ischemia-reperfusion eye model with inflammatory reaction and extensive 
edema is a kind of model of the diffuse edema. The specification demonstrates that 
extensive macular edema was observed in monkey models and SNK-860 inhibited the 
edema. This data shows that SNK-860 inhibited the diffuse macular edema, which 
could not have been predicted by one skilled in the art prior to the disclosure in the 
present application. 

Matthew A. Speicher, et al., "Pharmacologic Therapy for Diabetic Retinopathy," 
Expert opinion on Emerging Drugs 2003;8:239-250 (Reference AH included with the 
IDS filed July 26, 2006) express considerable skepticism that aldose reductase inhibitors 
(ARIs) were effective just in experimental animal model of DR, but, the efficacy was 
not observed in DR of clinical trials (see page 242, Col. 1,1.5- 1.9). In addition, there is 
a comment that ARIs have also been under intense clinical study for other diabetic 
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complications, without consistent benefit (see page 242, Col. 1,1.9- 1.1 1). In this 
manner, one skilled in the art would readily understand that ARIs including SNK-860 
exhibit positive effects on diabetic complications including DR in experimental 
animals, but have not exhibited any clear effects in clinical trials. Akita discloses that 
SNK-860 is effective in experimental animal model of DR, however, SNK-860 was not 
effective in clinical trials of DR. Many ARIs have been tested to treat DR in clinical 
trials. Only epalrestat showed effects in these clinical trials of DR (see, e.g., N. Hotta, 
et al., "Diabetic Retinopathy - Experimental and Clinical Approaches from Polyol 
Pathway," Current Concepts of Aldose Reductase and Its Inhibitions , Amsterdam: 
Elsevier Science Publishers B.V.; N. Sakamoto et al, editors, 1990. pl69-177; copy 
attached in Appendix C hereto). 

Based on the state of the art and conventional knowledge held by one skilled in 
the art, as evidenced by the arguments and references cited herein, Applicants 
respectfully submit that a skilled artisan would reasonable conclude that SNK-860 (an 
ARIs) cannot inhibit macular edema in diabetes mellitus in clinical trials. Applicants 
respectfully submit, however, that Applicants discovered that surprisingly, SNK-860 
did inhibit macular edema in diabetes mellitus in clinical trials, and found, for the first 
time, that an ARI inhibited macular edema in diabetes mellitus in clinical trials. 
Therefore, Applicants respectfully submit that the present invention defines patentable 
subject matter over the prior art. 

The experimental data to concretely demonstrate the unexpected effects 
attributable to the present invention is submitted herewith as a Rule 132 Declaration 
executed by Mr. Kato, one of the inventors. In the experiment, Applicants compared 
SNK-860 with epalrestat, which was the only chemical compound that improved 
retinopathy in diabetic patients, by using diabetic cynomolgus monkeys as experimental 
model of diabetic maculopathy. The data demonstrated the following results: 



Page 10 of 12 



(1) No effect on macular edema in diabetic monkeys was seen even when the 
dose of epalrestat was increased within no-observed-adverse-effect level. The 
established dose (25 and 50 mg/kg/day) was considered to have no controversial toxic 
effect; and 

(2) SNK-860 exhibited suppression of macular edema perfectly in diabetic 
monkeys at a dose free of adverse-effect. 

The effect of SNK-860 is clearly superior beyond comparison. This data is 
remarkable and unexpected. One skilled in the art would not have had any logical 
reason to expect the beneficial effects attributable to SNK-860. 

Applicants respectfully submit that SNK-860 is an excellent medical agent that is 
effective in diabetic maculopathy, available for oral administration. In the United 
States, laser photocoagulation is commonly used in treating macular edema with 
diabetes mellitus. However, complications including exacerbation of edema and failing 
vision with moving of coagulation scars by the operation to the central fovea of macula 
flava have been reported. There are some intraocular injection products, including 
steroids and an anti-VEGF antibody, however, those products require repeated 
administrations to maintain efficacy because the efficacy is lost after a certain period of 
time. It is unknown whether such repeated administrations of those products are safe or 
not. Furthermore, intraocular injection has risks of causing intraocular inflammation. 
Applicants respectfully submit that oral administration products that do not demonstrate 
any substantial side effects are clearly important for treating diabetic maculopathy and 
overcoming the drawbacks associated with the prior art. 

Applicants respectfully submit that it is clear from the foregoing that one skilled 
in the art could not have arrived at the present invention in view of the applied 
references without necessarily relying on the disclosure of the present application as a 
guide, which constitutes impermissible hind-sight. For at least the reasons explained 
above, Applicants respectfully submit that all claims pending herein define patentable 
subject matter over the prior art of record, and respectfully request that the above 

■ 

• rejection be reconsidered and withdrawn. 
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If the Examiner believes that contact with Applicants' attorney would be 
advantageous toward the disposition of this case, the Examiner is herein requested to 
call Applicants' attorney at the phone number noted below. 

The Commissioner is hereby authorized to charge any additional fees associated 
with this communication or credit any overpayment to Deposit Account No. 50-1446. 

Respectfully submitted, 



July 16, 2008 
Date 



Stephen P. Bun- 
Reg. No. 32,970 

Nicole J. Buckner 
Reg. No. 51,508 
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TITLE OF THE INVENTION 
PROPHYLACTIC OR THERAPEUTIC AGENT 
FOR DIABETIC MACULOPATHY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to anew use of a hydantoin derivative, in 
particular, (2S,4S)-6-fluoro-2 , ,5 , -dioxospiro 

[chroman^^'-imidazohdinel^xarboxamide, as a pharmaceutical preparation. 

2. Description of the Related Art 

The number of patients with diabetes meUitus as a life style-related disease 
is increasing, and in a survey on diabetes mellitus in 2002 conducted by the 
Ministry of Health, Labor and Welfare, the number of patients with diabetes 
meUitus in Japan is estimated to be 7.4 millions. In arecent epidemiological study 
on 913 cases of non-insulin-dependent diabetes mellitus, about 8% (about 600,000 
patients) of patients with diabetes mellitus are reported to have maculopathy. It is 
estimated that as the number of patients with diabetes meUitus is- 
inor o ac o dincrease s, the number of patients with diabetic maculopathy is-also 
incroaso d increases . 

Diabetic maculopathy, together with diabetic retinopathy, is considered to be 
important as one of the retinal diseases in patients with diabetes meUitus. 
Diabetic maculopathy is classified into macular edema, ischemic maculopathy, 
retinal pigment epitheliopathy and macular traction. The object of diabetic 
retinopathy therapy is to prevent blindness (loss of visual acuity), while the object of 
diabetic maculopathy therapy is to prevent and amehorate deterioration of visual 
acuity. Macula lutea are significantly different in form from retinas so as to attain 
high central visual acuity (sharpest and high visual acuity), and have a special 
structure (absent from an inner plexiform layer and an inner nuclear layer) with 
extremely fewer tissues other than visual ceUs. Accordingly, the clinicaUy 
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problematic deterioration of visual acuity is due to maculopathy Development A 
development of photocoagulation and vitrectomy oamo to onablo made it possible to 
almost prevent b lindness attributable to retinopath y to bo almost prevented , but is 
not satisfactory for maculopathy, so ELtherapy that is different from retinopathy 

» 

therapy is needed for maculopathy. This is also important in light of the t reatment 
of not a fcw manv patients having maculopathy only without having retinopathy. 
Especially, ajrecent increase in pan-photocoagulation for diabetic retinopathy is 
estimated to worsen macular edema in diabetic maculopathy, to cause fm-ther 
deterioration of visual acuity. Accordingly, the main point of therapy is shifting 
toward improvement of quality of life (QOL) of patients by maintaining and 
improving visual acuity. 

Macular edema caused by breakage of a blood-retinal barrier in a retinal 
vascular endothelial cell or a retinal pigment epithelial cell accounts for about 90% 
of maculopathy and is a major cause for deterioration of visual acuity in 
maculopathy. This deterioration of visual acuity does not lead to blindness* but 
causes extreme deterioration of visual acuity referred to as social blindness making 
usual living difficult. On one hand, the average life span becomes increasing 
longer owing increases due to the advancement of medical technology, and thus A 
such ^deterioration of visual acuity is a serious problem that cannot be neglected in 
consideration of QOL. Major therapy conducted for preventing or ameliorating 
deterioration of visual acuity includes photocoagulation, vitrectomy and 
chemotherapy. Under the present circumstances, photocoagulation and vitrectomy 
are examined for their effectiveness in clinical etudystudies, and Ineffectiveness 
and safety for macular edema age -have still not been established. There are cases 
where complications of neovascular glaucoma and worsening edema occur, and thus A 
there is an earnest desire for the advent of an effective and safe chemotherapy. In 
the p resent chemotherapy, steroids and carbonate dehydratase inhibitors with 
anti-inflammatory action as major efficacy are used in symptomatic therapy, but 
their effectiveness is not established and their administration feg -over a long period 
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of time leads to the occurrence of side effects, and thu s, the continuous use thereof 
in chronic diseases such as diabetes mellitus is difficult not desirable under the 
present circumstance. 

(2S, 4S)-6-Fluoro-2 , ,5 , -dioxospirc>-^ 
[chroman-^^'iniidazolidinel^-carboxamide (hereinafter, refeiTed to as SNK-860) 
found by the present applicant was developed as a compound which has a strong 
inhibitory activity on aldose reductase and is highly safe even in administration for 
a long time, and clinical test thereof as a therapeutic agent for diabetic neuropathy 
is advancing worldwide at present. 

With respect to hydantoin derivatives including SNK-860, the use thereof 
for diabetic neuropathy is described in JP'A 61-200991 (1986), the use thereof for 

■ » 

diseases in circulatory organs in JP-A 04-173791 (1992), the use thereof for various 
diseases accompanying aging in JP-A 06-135968 (1994), the use thereof for simple 
diabetic retinopathy in JP-A 07-842547 (1995), and the use thereof for diabetic 
keratopathy in JP-A 08-231549 (1996), However, the effectiveness of the hydantoin 
derivatives for diabetic maculopathy has not been reported. 

As described above, establishment of establishing an effective and highly 
safe therapy for treating diabetic maculopathy is strongly desired in the medical 
field. Under the present circumstances, the advent of ahighly safe chemotherapy 
enabling administration feg- over a long time period is strongly desired because of 
the problem of oafotv in safety problems associated with treatment by 
ophthalmologic operation. However, ovon a heretofore, there has been no model for 
evaluating experimental diabetic maculopathy, which is important for the 
development of such therapeutic agents, i s ab s ent at prooont, and the establishment 
of an experimental model for development of-pharmaceutical preparations is an 
urgent task. 
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SUMMARY OF THE INVENTION 

The present invention has been made in consideration of the b a ekgroiBadr 
drawbacks associated with the prior art as described above, and an object of the 
present invention is to provide a prophylactic or therapeutic agent for treating 
diabetic maculopathy, which can be administered ieg- over a long period of t ime 
which and exhibits efficacy in a mechanism different from that of existing medicines, 
as well as an experimental animal model which can be used in the evaluation of 
medicines for diabetic maculopathy. 

The present inventors ohould first sought to establish an experimental 
animal model for diabetic maculopathy. That is, simplicidentata such as rats have 
no macula lutea, and there is no report on edema at a site outside of a retina such as 
a visual cell layer, that is, at a site corresponding to macula lutea, and whether its 
severeness is increased or decreased by diabetes mellitus is not reported either. 
Accordingly, the present inventors studied its pathologic condition using an animal, 
and as a result we found that when a diabetic rat was allowed to be in an 
intraocular ischemic state and then subjected to reperfusion, edema was expressed 
on a visual cell layer. In this experimental model, it is suggested that an increase 
in oxidation stress, such as excessive production of free radicals occurring in the eye 
by ischemia and reperfusion, promotes vascular permeability by breaking an inner 
blood-retinal barrier (barrier regulating the transfer of a substance from a retinal 
blood vessel to the outside of the blood vessel) and an outer blood-retinal barrier 
(barrier regulating the transfer of a substance from a choroid to retina). 
Accordingly, it is estimated that the edema was expressed by this promotion of 
vascular permeability in addition to the promotion of retinal vascular permeability 
by diabetes mellitus. The present model thus expressing edema in the visual cell 
layer has an onset mechanism very similar to that of macular edema in human 
diabetic maculopathy and can be said to be a model suitable for the evaluation of 
diabetic maculopathy. 
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Thon, tho The p resent inventors also e xamined whether or not edema was 
expressed or not in a macula lutea in a diabetic monkey by using an evaluation 
system established in flHea toatg . As a result, it was confirmed that edema is 
observed in a macular central fovea participating most in central visual acuity. 
This can be said to further evidence that the edema-expressing model established in 
a rat is suitable in evaluation of diabetic maculopathy. 

When the present inventors used the above-mentioned experimental model 
to evaluate SNK-860, it wao rovoolod the inventors discovered t hat SNK-860 is 
effective for edema in a retinal visual cell layer having a central role in maintaining 
visual acuity or for edema in a macula lutea (particularly macular central fovea). 
By conducting f urther conducting clini cal cvaluatio nc valuations. it wao rovoalod the 
present inventors discovered that the proGont compound is not only effective for 
treating edema in a macula lutea A but also exhibits an effect of improving visual 
acuity. That is, the present invention relates to a prophylactic or therapeutic agent 
for treating diabetic maculopathy, which comprises, as an active ingredient, a 
hydantoin derivative represented by the following general formula, preferably 
(2S,4S)*6-fluoro-2 , ,5'-dioxospiro [chroman-^^-imidazohdinel^-carboxamide 
(SNK-860). 




2 
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(In the formula, X represents a halogen or a hydrogen atom, R 1 and R 2 concurrently 
or differently represent a hydrogen atom or an optionally substituted CI to C6 alkyl 
group, or R 1 and R 2 , together with a nitrogen atom bound thereto and optionally 
another nitrogen atom or an oxygen atom, are combined to form a 5- to 6*membered 
heterocycle, and the halogen represented by X is preferably fluorine, and the Cl to 
C6 alkyl group is preferably a methyl group.) 

Examples of the diabetic maculopathy include macular edema -and retinal 

■ 

pigment epitheliopathy. Examples of the diabetic macular edema include local 
macular edema and diffuse macular edema. The prophylactic or therapeutic agent 
for diabetic maculopathy according to the present invention is preferably in the form 
of an oral agent. 

The present invention also relates to an experimental animal model with 
diabetic maculopathy, which uses an animal such as simplicidentata or primates 
other than humans. This model is an animal model with diabetic maculopathy 
that is p roduced by subjecting a diabetic animal to intraocular ischemia/reperfusion 
to express edema in a retinal visual cell layer or in a macula lutea (particularly in 
macular central fovea). As the animal with diabetes mellitus, it is possible to use 
not only animals having diabetes mellitus induced for example by administering a 
pharmacological agent such as streptozotocin or alloxan into a rat (normal rat) or a 
monkey (normal monkey), but also animals with hereditary diabetes mellitus. 

Further, the present invention encompasses a method of evaluating a 
pharmacological agent for diabetic maculopathy, which comprises using the model 
animal described above. That is, the method of the present invention is a method 
of evaluating the effectiveness of a pharmacological agent on edema, which 
comprises administering a pharmacological agent to be evaluated into the model 
animal and measuring the thickness of a retinal visual cell layer or the thickness 
and/or volume of a macula lutea. 

The present invention provides not only a therapeutic agent for diabetic 
maculopathy, which can be administered ley- over a long periof of time, but also an 
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experimental animal model animal noco Gsar v f or Boorohincr for that is needed in 

< 

order to conduct research to discover a therapeutic agent for diabetic maculopathy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the ratio of the thickness of a retinal visual cell layer (ratio (%) 
of the thickness of a visual cell layer in an ischemic/re-perfused eye/the thickness of 
a visual cell layer in an untreated eye in the same individual) in Efficacy 
Pharmacological Tfest Example L In tho figurc Fig. 1 . the asterisk indicates that 
there is a significant difference with a risk factor of 5%. 

Fig. 2 shows the ratio of the thickness of a retina visual cell layer (ratio (%) 
of the thickness of a visual cell layer in an ischemic/re-perfused eye/the thickness of 
a visual cell layer in an untreated eye in the same individual) in Efficacy 
Pharmacological Ttest Example 2. In the fipuro Fig. 2 . the asterisk indicates that 
there is a significant difference with a risk factor of 5%. 

Fig. 3 shows a change in the minimum thickness, average thickness and 
average volume of macular central fovea in an ischemic/re-perfused eye in Efficacy 
Pharmacological Tfest Example 3. In tho figuro Kgii?, the asterisk indicates that 
there is a significant difference with a risk factor of 5%. 

Fig. 4 shows the thickness of a macula lutea in a macular central fovea 
(diameter^ 1 mm) and in the center of the central fovea before and after 
administration in Efficacy Pharmacological Tfest Example 4. 

Fig. 5 shows a change in the thickness of a macula lutea in individual eyes 
(upper graph, in the center of a central fovea; lower graph, in the central fovea in 
the diameter range of 1 mm) before and after administration in Efficacy 
Pharmacological Tbst Example 4. A number in the example indicates identification 
number of the case, and alphabets OS and OD refer to left and right eyes, 
respectively. 

Fig. 6 shows corrected visual acuity before and after administration in 
Efficacy Pharmacological Ttest Example 4. 
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BEST MODE FOR CARRYING OU T DETAILED DESCRIPTION OF THE 

INVENTION 

Hereinafter, the present invention is described in more detail. 

Hydantoin derivatives (particularly SNK-860) can be orally administered 
for example as tablets, capsules, powder, granules, liquid or syrup or parenterally as 
an injection and suppositories, which were formed by usual pharmaceutical 
manufacturing techniques. Pharmaceutically acceptable excipients in 
pharmaceutical manufacturing, for example starch, lactose, refined white sugar, 
glucose, crystalline cellulose, carboxy cellulose, carboxymethyl cellulose, 
carboxyethyl cellulose, calcium phosphate, magnesium stearate and gum arabic can 
be used in the solid preparation, and if necessary a lubricant, a binder, a 
disintegrating agent, a coating agent, a coloring agent etc. can be incorporated into 
the solid preparation. In the liquid preparation, a stabilizer, a solubilizer, a 
suspending agent, an emulsifying agent, a buffer agent, a preservative etc. can be 
used. The dose varies depending on symptoms, age, administration method, 
preparation form etc., but preferably the compound described above is administered 
usually in the range of 1 to 200 mg, preferably 1 to 100 mg, into an adult all at once 
or in divided portions per day for consecutive days. 

In the model animals with diabetic macubpathy according to the present 
invention, animals with diabetes melhtus by treating normal animals with a 
pharmacological agent such as streptozotocin (STZ), or alloxan or animals with 
hereditary diabetes melhtus, can be used as diabetic animals. As the type of the 
animals, simplicidentata such as rats, nonhuman primates such as monkeys, 
duplicidentata such as rabbits, and carnivorous animals such as canines can be 
used. 

When the simplicidentata, duplicidentata or carnivorous animals that 
inherently do not have macula lutea are used, edema is expressed in a retinal visual 
cell layer and the thickness of the retinal visual cell layer can be used in evaluation. 
In the nonhuman primates, on the other hand, there are usually macula lutea, so 
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edema is expressed in a macula lutea and the thickness and/or volume of the 
macula lutea is used in evaluation. The thickness etc. of the macula lutea are 
evaluated preferably in the site of macular central fovea. Intraocular 
ischemia/reperfusion treatment can be easily carried out by stopping a retinal blood 
stream by increasing the intraocular pressure and then relieving the intraocular 
pressure to allow reperfusion. The thickness of the retinal visual cell layer or the 
macula lutea varies significantly depending on individuals, so a treated eye and 
untreated eye are set preferably in the same individual by subjecting only one eye to 
intraocular ischemia/reperfusion treatment. By so doing, the relative evaluation of 
"thickness of a treated eye/thickness of an untreated eye" can be carried out on the 
basis of the untreated eye in 

A pharmacological agent to be examined is administered into the model 
animal with diabetic maculopathy according to the present invention and then 
evaluated for the effectiveness of the pharmacological agent for edema as described 
above, whereby the effectiveness of the pharmacological agent for diabetic 
maculopathy can be evaluated. The method of administering the pharmacological 
agent is not particularly limited, and administration of the pharmacological agent is 
also carried out after intraocular ischemia/reperfusion treatment thereby clarifying 
the therapeutic effect. 

EXAMPLES 

Efficacy Pharmacological Tfest Example 1- Rat Tfest 1 
1. Test Method 

Diabetes meUitus was induced in male Sprague Dawley rats (8-week-old) 
weighing about 250 g by injecting streptozotocin (STZ manufactured by Sigma) 
intravenously into their tail at the dose of 60 mg/kg. One week after the treatment 
with STZ, serum glucose was measured, and rats with at least 300 mg/dl glucose 
were then used in the experiment as diabetic rats. The set groups were the following 
3 groups, and after 2 weeks after the treatment with STZ, 5% gum arabic solution 
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or SNK-860 solution was orally administered once a day. 

(1) Normal control group (5 rats): Given 5% gum arabic solution in a ratio of 5 ml/kg. 

(2) Diabetic control group (7 rats): Given 5% gum arabic solution in a ratio of 5 
ml/kg. 

(3) Diabetic group given 32 mg/kg SNK-860 (4 rats): Given a suspension of SNK>860 
(32 mg/5 ml) in 5% gum arabic solution in a ratio of 5 ml/kg. 

After administration for 2 weeks, intraocular ischemia was caused by ar the 
treatment described below. After the treatment was finished, the animals were 
maintained as usual for 2 days, and thereafter, the eyeballs were excised and 
histologically evaluated. Administration of the pharmacological agent was also 
conducted for *he-a_period (2 days) of reperfusion after ischemic treatment. 

Retinal ischemia by increasing the intraocular pressure 

A drip infusion set (Terufusion Drip Infusion Set manufactured by Tferumo) 
was connected to a bottle containing an intraocular perfusion solution (Opeguard 
MA manufactured by Senjyu Seiyaku), and an extension tube Clferumo) to which a 
three-way stopcock had been attached was connected thereto. A needle (30Gxl/2, 
manufactured by Nippon Becton Dickinton) was fitted to the end of the tube. The 
bottle containing an intraocular perfusion solution was fixed to a certain height with 
a stand. The rats were anesthetized by administering sodium pentobarbital 
(Somunopentyl manufactured by Schering-Plough Animal Health) intraperitoneally 
in a ratio of 50 mg/kg, and then a mydriatic (Mydrin P manufactured by Santen 
Pharmaceutical) and a local anesthetic (Benoxyl eye drop 0.4%, Santen 
Pharmaceutical) were dropped onto the right eye. The anesthetic was additionally 
a dmini stered when necessary. Thereafter, a needle was stuck into an anterior 
chamber of the rat right eye and the intraocular pressure load was performed by 
manipulating the three-way stopcock (the intraocular pressure was increased to 130 
mmHg or more for 60 minutes). Because the ocular fundus in the Sprague Dawley 
rat turns from red to white by stopping arthe retinal blood stream by increasing the 
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intraocular pressure, achievement of retinal ischemia can be easily observed. After 
the intraocular pressure was increased for the predetermined time, the needle was 
removed to relieve the intraocular pressure to allow reperfusion, and an 
antibacterial eye drop (tarivit eye ointment manufactured by Santen 
Pharmaceutical) was applied onto the right eye. 

Histological evaluation 

Two days after the ischemia treatment (two days after the reperfusion), the 
rat left and right eyeballs were excised under anesthesia with ether. The excised 
eyeballs were placed in an ice-cold fixing solution (phosphate buffer solution 
containing 3% glutaraldehyde) and fixed therein for 2 days. Thereafter, the 
eyeballs were washed for 1 day with a phosphate buffer solution. The eyeballs 
were embedded in a usual manner into paraffin to prepare a transverse section 
containing a bundle of optic nerves. The section was stained with 
hematoxylin-eoein. The histological evaluation was conducted by each £-of two (2) 
visual fields in left and right side (4 visual fields/rat) in the vicinity of the bundle of 
optic nerves, from an optical microscope to an image analyzer (IPAPWIN, S umik a 
Techno Service). 

In each of the resulting retinal images, the thickness of the visual cell layer 
was measured. The degree of edema was expressed in percentage by dividing the 
thickness of the visual cell layer of the ischemic/re -perfused eyeball (right eye) by 
the thickness of the visual cell layer of the untreated eyeball (left eye) in the same 
individual. As an indicator of retinal cell functions, nuclei in the inner retinal layer 
(ganglion cell layer) were counted, and the degree of loss of nuclei was evaluated 
relative to the ratio of the number of nuclei occurring per unit area. 
2. Results and Discussion 

The effect of SNK-860 on edema is shown in Fig. 1. The thickness of the 

■ 

visual cell layer after ischemia/reperfusion in the rats in the normal control group 
was reduced as compared with that of the untreated eye. On the other hand, the 
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rats in the diabetic control group showed an increase in the visual cell layer by 
ischemia/reperfusion, and formation of edema was confirmed (p < 0.05). In the 
diabetic group given 32 mg/kg SNK'860, the thickness was almost the same as that 
of the normal control group, and no edema was observed. 

Next, loss of nuclei from ganglion cells is described. As a result of 
examination of the degree of loss of nuclei from cells, no loss of nuclei was 
recognized in 5 rats in the normal control group. In the diabetic control group , 
evident loss of nuclei occurred in 3 of 7 rats, among which 2 rats showed loss of 50% 
or more nuclei. In the diabetic group given 32 mg/kg SNK-860, loss of nuclei was 
not observed in all 4 rats. 

These results reveal that SNK-860 inhibits edema formation under diabetes 
in a visual cell layer and also prevents disturbances in functions of retinal cells. 

Efficacy Pharmacological Test Example % Rat Test 2 
1. Tfest Method 

The test was carried out in accordance with Efficacy Pharmacological Tfest 
Example 1. The set groups were the following 4 groups, and from 2 weeks after the 
treatment with STZ, 5% gum arabic solution or SNK-860 solution was orally 
administered once a day. 

(1) Normal control group (10 rats)* Given 5% gum arabic solution in a ratio of 5 
ml/kg. 

(2) Diabetic control group (9 rats): Given 5% gum arabic solution in a ratio of 5 
ml/kg. 

(3) Diabetic group given 2 mg/kg SNK-860 (10 rats): Given a suspension of 
SNK-860 (2 mg/5 ml) in 5% gum arabic solution in a ratio of 5 ml/kg. 

(4) Diabetic group given 32 mg/kg SNK-860 (9 rats): Given a suspension of 
SNK-860 (32 mg/5 ml) in 5% gum arabic solution in a ratio of 5 ml/kg. 

Retinal ischemia produced by increasing the intraocular pressure was in 
accordance with Efficacy Pharmaceutical Tfest Example 1. Histological evaluation 
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was also in accordance with Efficacy Pharmaceutical Ifest Example L 
2. Results and Discussion 

The effect of SNK-860 on edema is shown in Fig. 2. The thickness of the 
visual cell layer after ischemia/reperfusion in the rats in the normal control group 
was reduced as compared with that of the untreated eye. On the other hand, the 
rats in the diabetic control group showed an increase in the visual cell layer by 
ischemia/reperfusion, and formation of edema was confirmed (p < 0.05). In the 
diabetic group given 2 mg/kg SNK-860, no inhibitory action on edema was observed, 
but in the diabetic group given 32 mg/kg SNK-860, the thickness of the visual cell 
layer was kept in the same value as in the normal control group, and an evident 
inhibitory action on edema was observed. These results indicate that edema 
formation under diabetes in a visual cell layer is inhibited by administration of a 
high dose of SNK-860. 

Efficacy Pharmacological Tfest Example 3' Monkey (Macaca fascicuJaris) Ifest 
1. Method 

Diabetes mellitus was induced in male monkeys (Macaca fasciculari£) 
(3-year-old) weighing about 2. 1 to 2.4 kg by intravenously injecting STZ into their 
foreleg vein at the dose of 80 mg/kg. Two days after the treatment with STZ, blood 
glucose level was measured, and monkeys with at least 200 mg/dl glucose were then 
used in the experiment as diabetic monkeys . Insulin was administered 
subcutaneously once or twice per day into monkeys showing a blood glucose level of 
300 mg/dl. The set groups were the following 3 groups, and from 2 weeks after the 
treatment with STZ, 5% gum arabic solution or SNK-860 solution was orally 
administered once a day. 

(1) Normal control group (4 monkeys)- Given 5% gum arabic solution in a ratio of 5 
ml/kg. 

(2) Diabetic control group (6 monkeys)* Given 5% gum arabic solution in a ratio of 
5 ml/kg. 
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(3) Diabetic group given 32 mg/kg SNK-860 (4 monkeys): Given a suspension of 
SNK-860 (32 mg/5 ml) in 5% gum arabic solution in a ratio of 5 m]/kg. 

After administration for 2 weeks, intraocular ischemic treatment was 
carried out as described below, and after the treatment was finished, the animals 
were maintained as usual for 7 days. Before the ischemic treatment and 7 days 
after treatment, the thickness and volume of the macular central fovea (in the 
diameter range of 1 mm from the center of the macula lutea) were measured by an 
OCT scan n er (Stratus OCT, Carl Zeiss). Administration of the pharmacological 
agent was also conducted for the period (7 days) of reperfusion after the ischemic 
treatment. 

Retinal ischemia produced by increasing intraocular pressure was in 
accordance with Efficacy Pharmaceutical Tfest Example 1. However, the size of a- 
the_needle used was 25Gxl/2 (Terumo). After a mydriatic (Mydrin P manufactured 
by Santen Pharmaceutical) was dropped onto the right eye, the monkey was 
anesthetized by intramuscularly administering ketaral (Sankyo Life Ttech). 
Subsequently, a local anesthetic (Benoxyl eye drop 0.4%) was dropped onto the eye, 
and the monkey was prevented from blinking with an eyelid speculum. Anesthesia 
with ketaral was additionally carried out when necessary. 

* 

The thickness and volume of the macular central fovea were measured in 
the following manner. After a mydriatic (Mydrin P) was dropped onto the right eye 
of the monkey to dilate the pupil of the eye sufficiently, the monkey was 

» * 

anesthetized by intramuscularly administering Ketaral. Thereafter, the monkey 
was allowed to sit on a monkey chair and the head was fixed. The inside of the eye 
was observed with an OCT scanner to identify the macula lutea, followed by 
scanning. On the basis of the resulting cross'sectional macular image, the 
thickness and volume of the macular central fovea were analyzed. 
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Table 1 

Average macula lutea thickness Average macula lutea volume 

(nm) (mm 3 ) 



Group 


Number 
of 

monkeys 


Before 
ischemia 


7 days after 
ischemia 


Before 
ischemia 


7 days after 
ischemia 


Normal 


4 


174 ±8 


175 ± 11 


0.137 ± 0.006 


0.138 + 0.009 


Diabetes 
mellitus 


6 


177±6 


191 ± 5** 


.0.139 ±0.005 


CU49± 0.004** 


Diabetes 
mellitus 
given 860 


4 


157 ±6 


158 ±2 


0.123 4:0.005 


0. 124 ± 0.001 



**P<0.01 vs. "value before ischemia". 

2. Results 

The results are shown in Table 1 and Fig. 3. In the normal control group, 
formation of edema was not observed, and the thickness and volume (average) of the 
macular central fovea after ischemia and reperfusion were the same before the 
treatment and 7 days after the treatment. In the diabetic control group ,on the 
other hand, an increase in the thickness and volume of the macular central fovea 
was observed 7 days after the treatment, and formation of edema was confirmed (p 
< 0.01). This change was significantly increased as compared with that of the 
normal control group (p < 0.05). In the diabetic group given 32 mg/kg SNK-860, 
formation of edema or its change was not observed similarly to the normal control 
group. These results show that SNK-860 inhibits edema formation under diabetes 
in the macular central fovea. 

Efficacy Pharmacological Tfest Example 4- Clinical Results 
1. Method 

Among patients with diabetic maculopathy, 10 patients with diabetic 
macular edema having a retinal thickening or a hard exudates in a posterior pole of 
the retina were subjects. SNK-860 was orally administered in a dose of 30 ing (2 
tablets each containing 15 mg SNK-860) once a day before breakfast for 8 weeks. 
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During this test period, simultaneous use of eparlestat, intravitreal injection and 
sutrTfenon injection of an adrenal cortical hormone, and photocoagulation and 
vitrectomy were prohibited. Basic therapy of diabetes mellitus was carried out so 
as to give good blood glucose control throughout the test period. 

Evaluation was carried out in terms of the thickness of the macular central 
fovea (in the diameter range of 1 mm from the center of macula lutea) and the 
thickness at the center of the central fovea measured by optical coherence 
tomography (OCT, Carl Zeiss), as well as corrected visual acuity (Log MAE). 

Log MAE (Log Minimum Angle of Resolution) is one kind of logarithmic 
visual acuity, which is visual acuity expressed in logarithmic minimum angle of 
resolution. Decimal visual acuity 1.0 used frequently in Japan is 0.0 in terms of 
Log MAR, and decimal visual acuity 0. 1 is 1.0 in Log MAR. A log MAR visual 
acuity of 0.1 to 0.5 corresponds to a decimal visual acuity of 0.8 to 0.32. 

Tkble2 



Macula lutea thickness (urn) and corrected visual acuity (Log MAR) (mean ± standard deviation) 





When initiated 


Week 8 


P value 


Center of central fovea 
Central fovea (diameter* 1 mm) 
Corrected visual acuity 


323.1 ±111.4 
324.3 ± 87.7 
0.30 ± 0.22 


298.7 ± 90.6 
300.4 ± 74.4 
0.24 ± 0.20 


0.0808 
0.0493 
0.0917 



Table 3 

Corrected visual acuity (eye number) 



2-stage 
improvement 


Tstage 
improvement 


Unchanged 


l-stage 
deterioration . 


3 


2 


6 


1 



2. Results 

12 eyes in the 10 cases were evaluated. When the test was initiated, the 
thickness of the macular central fovea (in the diameter range of 1 mm) was 324.3 
|im on average, and the thickness at the center of the central fovea was 323.1 \xm on 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

Appendix B 



- 17 - 



average. After 8 weeks, these were reduced 300.4 pm and 298.7 jim respectively 
(Table 2, Fig. 4). A change in the thickness of macula lutea in the individual 
evaluated eye is shown in Fig. 5. These results show that the thickness of the 
macula lutea or the portion corresponding to the macula lutea in the model animal 
was also confirmed similarly in humans. 

Out of the 12 eyes, 2-stage development with respect to corrected visual 
acuity was recognized in 3 eyes, 1 -stage development in 2 eyes, and deterioration in 
only 1 eye (Table 3). The corrected visual acuity (Log MAR) on average was 
improved from 0.30 to 0.24 (Fig. 6). It was thus revealed that SNK-860 has a 
visual acuity-improving action important in therapy of maculopathy. 

Diabetic maculopathy according to conventional findings is a gradually 
worsening disease that is considere d hardly ameliorated difficult tot reat . In 
contrast, the results of the present examples indicate that SNK-860 is effective for 
diabetic maculopathy. In- With respect etta.safety, no particularly problematic side 
effect was e ffects were recognized. 
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